We would like to invite you to this year's joint annual meeting hosted by both the BNRG and the EANS. The BNRG is a group of clinicians, scientists, nurses, technologists and health-care professionals who are interested in all aspects of neurosurgical research. This year their annual meeting will join with the EANS, a supranational independent association of national European neurosurgical societies and individual members. More details at www.ncl.ac.uk/bnrg
C hronic subdural haematoma (CSDH) is one of the most common clinical entities encountered in daily neurosurgical practice. It generally occurs in the elderly population in whom age related reductions in brain volume with a corresponding increase in the size of the subdural space increase the vulnerability to this disease. Cerebral atrophy is also important in increasing the risk of CSDH in patients with epilepsy, alcoholism, Huntington's disease and those with overdrainage from a ventriculo-peritoneal shunt. Patients with a coagulopathy, including antiplatelet and antithrombotic therapy (e.g. aspirin, dypyridamole, warfarin and heparin) are also at an increased risk of CSDH.
Pathogenesis (Figure 1)
Two mechanisms, either alone or in combination, appear to play an aetiological role in the development of a CSDH.
1. An acute subdural haematoma that has not been evacuated may evolve into a CSDH. As the acute haematoma matures an inflammatory membrane forms and envelopes the clot. Repeated minor haemorrhages from neovascular structures in the membrane may contribute to haematoma expansion. 1 In addition the acute haematoma liquefies within days of the initial bleed. Fluid ingress, driven by an osmotic gradient generated by fibrinolytic products within the haematoma has been postulated to cause expansion during the conversion of an acute to a chronic subdural haematoma. 2, 3 2. Subdural hygroma formation secondary to a traumatic tear of the cortical arachnoid membrane allowing egress of CSF into the subdural space. The further expansion of the hygroma with conversion to a CSDH is attributed to repeated minor haemorrhages into the subdural collection from the membrane that surrounds the collection. 4 The demonstration of Beta-trace protein, a highly specific CSF marker, in the subdural fluid of the vast majority of patients with CSDH and all of the patients with a subdural hygroma offers support for this hypothesis. 
Investigations
Computed tomography remains the preferred imaging modality and CSDH is classically described as a hypodense sickle-shaped extra axial fluid collection with evidence of surrounding mass effect. Where the haematoma evolves as a result of an acute bleed its density and appearance change with time in relation to the surrounding cortical surface. Three phases are described: 1. Hyperdense (0-7 days) 2. Isodense (1-3 weeks) 3. Hypodense (>3 weeks) In the majority of cases a CSDH is visualised as a mass comprising hypo and hyperdense signal characteristics. Bilateral isodense SDH's may result in a misdiagnosis due to difficulties in identifying cerebral cortex and the absence of midline shift (Figure 2) . A contrast CT scan will show any enhancing membranes and can delineate the haematoma more precisely. MRI is also a useful adjunct in some cases. For the most part, T1 and T2 images both show the haematoma to be hyperintense relative to brain and CSF. 6 The change of signal intensity correlates with the length of time the haematoma has been present and the breakdown of blood in the haematoma capsule (Figure 3 ).
Management of Chronic Subdural Haematoma

Treatment
Conservative and surgical approaches can be adopted when managing patients with a CSDH. A watch, wait and re-scan policy is usually recommended in asymptomatic or minimally symptomatic patients with a thin CSDH. Bed rest, osmotic diuretics and corticosteroids have been used although the evidence to support these measures is sparse. 7 For a patient with a symptomatic CSDH, surgery is the treatment of choice.
Preoperative workup
When undertaking surgery for a CSDH the coagulation status of the patient is of paramount importance. Aspirin should be stopped. In some cases the clinical status of the patient will necessitate urgent surgery despite aspirin treatment. If the patient's condition is stable, neurological deficits minor and the haematoma relatively small, surgery can be delayed for a few days to permit recovery of platelet function after cessation of antiplatelet therapy.
Another important factor in the treatment decision making process is the patient's coagulation status especially with the widespread use of therapeutic blood thinning agents. Warfarin therapy poses specific problems. Historically, warfarin reversal comprised oral or i.v. Vitamin K administration supplemented with fresh frozen plasma. Such a process can lead to unacceptable delays in performing emergency surgery while FFP is obtained, thawed, administered and haematological parameters rechecked. Complete and rapid reversal of warfarin over-anticoagulation is better achieved with 5 or 10mg of intravenous vitamin K and II, VII, IX and X factor concentrate (Beriplex™).
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Surgical options
The surgical approaches to the management of patients with CSDH are mainly limited to burrhole drainage, twist drill drainage and craniotomy. A small craniectomy has also been advocated as an alternative approach. Combining each technique with the use of intraoperative irrigation and/or post-operative drainage provides a variety of treatment options.
Surgical Techniques
Chronic SDHs are most commonly treated by burr hole evacuation. The number and location of the burr holes depends upon the size and location of the haematoma as determined by CT scan. Two burr holes located along the same line as the incision of a trauma flap are commonly employed. Care must be taken to secure any dural bleeding. The distinctive grey encapsulating membrane is opened to permit drainage of the liquefied haematoma. This is often under considerable initial pressure. Occasional conversion to a craniotomy is required if a substantial solid component persists. Irrigation of the subdural space, facilitated by the use of a soft Jacques catheter, is commonly performed to facilitate evacuation.
Twist drill craniostomy has been advocated in search of a less invasive treatment option with a skull opening usually less than 5mm. However, irrigation through such a small aperture is difficult. A craniotomy permits fluid evacuation and partial removal of the haematoma membrane in patients with recurrent, persistent chronic subdural haematomas. 10 A small craniectomy is an alternative that enables the significance of post-operative collections to be assessed by palpation and treated by percutaneous aspiration. A valveless subdural-peritoneal conduit fashioned from a peritoneal catheter with side holes cut for the subdural space and securely anchored to the galea can be useful in the treatment of patients with an atrophic brain where persistence of the subdural collection occurs despite recent drainage.
Weigel et al. analysed 48 publications (1981-2001) in a comprehensive meta-analysis comparing the outcome of various surgical techniques. 11 A wide range of cure, recurrence and mortality rates were found with each procedure. Overall, there was no significant difference in mortality between the three techniques. Mortality of up to 11% was noted. The morbidity from a craniotomy was reported to be higher than drainage procedures. Comparison between burrhole drainage and twist drill craniostomy revealed a higher recurrence rate with a twist drill approach.
Irrigation and drainage
The use of intraoperative irrigation with warm isotonic saline or artificial CSF until the effluents are clear is widespread. No significant differences were reported in the patients who received irrigation compared with those who did not in several series. [12] [13] [14] [15] In a twist drill series, irrigation was found to improve the recurrence rate from 29.2% to 6.7%. 16 In contrast a lower recurrence rate has been reported in a more recent series in patients in whom intra-operative irrigation was not used. 17 The use of closed post-operative subdural space drainage has long been considered. Some prospective studies showed no beneficial effect, 10, 18, 19 whereas other authors report lower recurrence rates with the use of post-operative drains. 20 In patients undergoing twist drill craniostomy, post-operative drainage did appear to reduce the recurrence rate from 68% to 9% in a meta-analysis. 11 The use of a closed subgaleal drainage system has also been reported. 21 Whilst there are no reports of a proven increased risk of infection with drains, this concern must exist.
Peri-operative continuous inflow and outflow irrigation with Ringer's lactate solution after evacuation of the haematoma has been reported to reduce the recurrence risk in a small prospective randomised study. 22 However the differences did not reach statistical significance (1/19 vs 4/18) . A retrospective comparison of post operative inflow and outflow drainage with burr hole evacuation +/-closed drainage and craniotomy showed significantly lower recurrence rate in patients with continuous inflow-outflow drainage. 23 Despite these small studies such techniques have not been widely adopted.
Complications
Postoperative CT scans to follow the progress of patients have shown that residual haematoma is Neurosurgery Article quite common regardless of the operative procedure used. However, in the majority of cases, removal of most of the haematoma will result in alleviation of symptoms and any residual haematoma will gradually reabsorb over a period of weeks.
The incidence of true reaccumulation or recurrence of the haematoma varies with the chosen surgical intervention as discussed above. Many risk factors for recurrence of CSDH have been reported previously, including advanced age, bleeding tendency, brain atrophy, haematoma density, alcohol abuse, postoperative subdural air accumulation, bilateral CSDH and arachnoid cyst. More recently the presence of high concentrations of beta trace protein in the subdural fluid at the time of initial surgery signifying CSF leakage into the subdural space, and high levels of interleukin-6 signifying inflammation of membranes or enhanced expression of VEGF and bFGF in the outer membrane may result in a higher risk of a recurrence. 5, 24 Other complications include seizures, pneumocephalus, subdural empyaema and rarely intracranial haemorrhage. Extracranial complications such as post-operative pneumonia and pulmonary embolism may also occur in patients with a CSDH. Following surgery the risks and benefits of antiplatelet and anticoagulant therapy need careful consideration on a case by case basis before reintroduction.
Summary
The diagnosis of chronic subdural haematoma should be considered in any elderly patient presenting with focal neurological signs or with any suggestion of raised intracranial pressure. For the majority of patients surgical drainage of a symptomatic chronic subdural haematoma is readily performed with a relatively low risk of operative morbidity and mortality. Most patients make a satisfactory recovery. Reaccumulation is the most common sequelae and can be troublesome in a small minority of patients. A number of operative variations have been reported to try and minimise this risk, however the evidence to support any specific operative technique is not persuasive. The use of post-operative anticoagulants and antiplatelet agents needs careful consideration particularly in patients with a history of haematoma recurrence.
